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| Abstract: Apis florea is one of two species of small, wild honeybee. The present study was conducted to evaluate the genetic diversity of Apis
florea honeybee from 48 nests (colonies) using microsatellite markers in the South of Iran. All honeybee samples were analyzed for six micro-
satellite loci (A88, A107, A7, B124, A113 and A35). The six loci had different numbers of alleles in the sampled colonies ranging from 7 (loci
A107) to 3 (loci A7, A35). Gene diversity in Apis florea ranged from 0.491 to 0.595. This range probably reflects the spreading of nests in a large
region with a varied climate. Phylogenetic tree showed two distinct clusters including a) Minab region samples and b) Bandar Abbas, Bandar
Khamir and Qeshm Island regions. All of these regions are geographically rich, having varied vegetation and climate conditions. Our findings are

an important contribution to the methods of studying distribution and conservation of Apis florea.
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Introduction

Apis florea are found in Southeastern Asian countries,
especially Thailand, Iran, Oman, India, Myanmar, some
part of china, Cambodia and Vietnam (1). This species
also called as “Dwarf Honeybee”. They live in forests.
In the Southern Iran they are excellent pollinators for
the tropical fruit crops. Apis florea are well established
in Iraq, Oman and Yemen (2,3) and have recently been
detected in Sudan (4) and in central Saudi Arabia (5).
Apis florea build exposed nests and there is always a
single comb (usually less than 25 cm wide) on a single
branch. This small nest contains a crown above the
branch, which is used for honey storage and as a plat-
form for the foragers leaving from and arriving to the
nest. Even in a single nest, there is high genetic diver-
sity among the Apis florea bees. Since honeybee queens
are polygamous, wide genetic variability exists. The
tendency of this species to perform certain tasks is de-
pendent on this variation. For example fanning of the
nest is performed by a specific colony, when the nest
reaches a specific temperature threshold (6). Studies
confirmed that genetic diversity is enormously impor-
tant in honeybee colonies (7-11). Currently advanced
molecular techniques can to clarify the genetic diver-
sity of honeybee colonies (7,11). Of these techniques,
microsatellites are extremely useful new tools for

examining taxonomy and population biology (12-15).
High mutation rate of Apis florea, and large number of
alleles in microsatellites, make microsatellites particu-
larly useful for genome mapping and paternity analysis.
The number of loci required to study the population in
question is high (16). Several genetic structure studies
of Apis mellifera honeybee populations using microsa-
tellite markers have been conducted in Slovenia, Spain,
Canary Islands, Balearic Islands, continental Italy, Sici-
ly Island, Africa continent and Iran (17-21). In addition,
microsatellites have been successfully used in studies of
Apis mellifera and other spices, at population level (22-
24). All studies of genetic diversity in Dwarf honeybee
focused on morphological characteristics, rather than
molecular ones.

So far no information on genetic diversity of Apis
florea using microsatellite markers have been published
in Iran and neighboring countries. The objective of our
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Table 1. Collecting data of 4 populations of Apis florea in the South of Iran.

Region cod Collection locality Position Number of Sample
A Minab 27°11'53"N  54°22'7"E 15
B Bandar Abbas 27°11'11I"N  56°16'38"E 12
C Bandar Khamir 26 56'40"N 55 35' 04"E 13
D Qeashm Island 26°41'43"N  55°37'06"E 8

Table 2. Microsatellite Core sequences and Primer sequences (5°-3”).

Locus Core sequence Primer sequences (5°-3°)
F: 5CGAA TTAACC5G5A TTTGTCG3®

A8 (CT)10 TC (CCTT)2 (CTTT)3... (GGA) AT CGOAALTAT T CAAGCAGE
F: 5CCGTGGGAGGTTTATTGTC3’
Al107 (GCTO)2 (GCT)2 (CT)23 R:CCTTCGTAACGGATGACACC3’
F: 5GTTAGTGCCCTCCTCTTGC3’
AT (CT)3(T)7 CCTTCG (CT)24 R: 5'CCCTTCCTCTTTCATCTTCCS’
524 (CT)8 TCCTCTIC...(CT)14 CCTC (GO)3... F: 5GCAACAGGCGGGTTAGAG3’
(GGCT)8 R: CAGGATAGGGTAGGTAACAG3’

All13  (TC)2 C (TC)2 TT (TC)5 TT (TC)8 TT (TC)5

A35 (GT)14

F: 5'CTCGAATCGTGGCGTCC3’
R: 5'CCTGTATTTTGCAACCTCGC3’

F: 5’GTACACGGTTGCACGGITTG3’
R: 5'CTTCGATGGTCGITTGTACCC3’

Figure 1. The geographical distribution of Apis florea populations
collected in this study.

study was to determine the genetic diversity of 4Apis flo-
rea honey bee colonies from the Southern Iran using
microsatellite markers.

Materials and Methods

Sampling

Adult Apis florea workers were collected from 48
nests (colonies) in four different regions covering the
species’ distribution in the Southern Iran: A) Minab, B)
Bandar Abbas, C) Bandar Khami, and D) Qeshm Island
(Fig. 1, Table 1). Only one bee per colony was subject
to genetic analysis. Bee samples were kept in absolute
ethanol at —20°C until DNA extraction.

Molecular analysis

Genomic DNA extracted from whole body tissues of
Apis florea using the method described by Asadi (25).
DNA samples amplified using multiplex PCR with six
microsatellite loci. The core regions of these microsa-
tellite loci were already known (B124, A107, A35, A8S,
A113 and A7) (20-23). Primer sequences conditions are
given in the Table 2.

A standard PCR was performed on an eppendorf
thermo cycler (MJ research Inc, USA) following the
published protocol for each marker. Each 15 pl reac-
tion mixture contained 50 ng template DNA, 200 uM of
each dNTP, 10X PCR buffer, 1 pM of each primer pair,
5 units/pl Tag DNA polymerase and MgCl, (0.7-1.5

mM). Amplification profiles consisted of one cycle at
94°C during 10 min, followed by 35 cycles at 94°C for
30s. Appropriate annealing temperature was at 55-58 °C
for 30 s, extension at 72°C for 30s and finally extension
step at 72°C for 10 minutes. PCR products were electro-
phoresed on an 8% non-denaturing polyacrylamide-bis
acrylamide gel and stored for 20 + 2 hours at 40 V. Gels
were silver-stained according to Bassam (15). Two stan-
dard size markers, (stepladder; Roche, Germany) were
included in each run.

Statistical analyses

Microsatellite allele sizes scored by comparing the
length of the PCR fragments to the standard 100 bp
size markers, stepladder (Roche, Germany). Population
parameters and estimates of gene diversity calculated
with the POPGENE software version 1.31 (26). The
exact test for Hardy-Weinberg equilibrium, genotypic
linkage disequilibrium, and genetic structure (genotypic
differentiation) were computed with POPGENE ver-
sion 1.31. Microsatellite variation within and between
populations was analysis with FSTAT (27). The exact
test for Hardy-Weinberg equilibrium and genotypic
differentiation performed using POPGENE. Unbiased
estimates and standard deviations of heterozygosity cal-
culated according to Nei (28). Polymorphic information
content (PIC) for each locus was estimated using PIC
1.80 software (29).

Results

All of the six microsatellite loci were polymorph.
Sixty seven alleles were found for six microsatellite loci
in Apis florea colonies from four regions in the Sou-
thern Iran. The number of alleles per locus varied from
3 (locus A7 and A35) to 7 (loci A107). Samples from
Minab showed a higher level of polymorphism, with
an average of 3.3 alleles per locus. In contrast, colonies
from the Qeshm Island had the lowest average alleles
per locus (average, 2.2). Average observed heterozygo-
sity (Ho) per locus ranged from 0.833 (A107) to 0.000
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Table 3. Number of alleles (Na), heterozygosity observed (Ho) and expected (He) per locus for Apis florea.

. Locus
Population AS8  A107 B124 __ All3 A35 Ave
] Na 4 7 2 3 1 3 3.33
Minab(A) Ho 0.755 0.788 0.000 0.111 0.000 0.000 0.277
He 0.899 0.815 0.494 0.568 0.000 0.593 0.562
Na 2 4 2 4 2 2 3
Bandar Abbas(B) Ho 1.000 0.556 0.000 0.000 0.000 0.000 0.259
He 0.500 0.691 0.346 0.716 0.480 0.219 0.492
) Na 4 5 2 2 3 2 3
Bandar Khamir(C) Ho 0.889 0.571 0.000 0.111 0.000 0.000 0.2618
He 0.623 0.724 0.198 0.745 0.642 0.444 0.563
Na 2 2 2 3 2 2 2.17
Qeshm Island(D) Ho 0.667 0.666 0.000 0.000 0.000 0.000 0.222
He 0.444 0444 0.444 0.647 0.500 0.444 0.487
Table 4. Allele frequencies at the microsatellite studied loci in Apis florea populations.
Locus Allele Minab B.Abbas B.Khamir Qeshm
135 0.278 0.000 0.056 0.000
ASS 140 0.556 0.500 0.500 0.667
150 0.056 0.000 0.111 0.000
158 0.111 0.500 0.333 0.333
Allele Minab B.Abbas B.Khamir Qeshm
107 0.167 0.222 0.143 0.000
109 0.222 0.444 0.429 0.667
A107 111 0.278 0.000 0.143 0.000
113 0.056 0.000 0.000 0.000
117 0.111 0.222 0.000 0.000
119 0.056 0.111 0.214 0.333
121 0.111 0.000 0.071 0.000
Allele Minab B.Abbas B.Khamir Qeshm
A7 114 0.000 0.000 0.111 0.667
119 0.556 0.778 0.889 0.333
124 0.444 0.222 0.000 0.000
Allele Minab B.Abbas B.Khamir Qeshm
225 0.333 0.333 0.389 0.333
B124 228 0.556 0.333 0.611 0.333
231 0.111 0.222 0.000 0.333
234 0.000 0.111 0.000 0.000
Allele Minab B.Abbas B.Khamir Qeshm
193 0.000 0.400 0.000 0.000
All3 212 1.000 0.000 0.000 0.000
224 0.000 0.600 0.222 0.500
227 0.000 0.000 0.333 0.500
232 0.000 0.000 0.444 0.000
Allele Minab B.Abbas B.Khamir Qeshm
A35 58 0.222 0.000 0.667 0.333
60 0.556 0.875 0.333 0.667
62 0.222 0.125 0.000 0.000

(A7, A13 and A35). The highest and lowest HE were
estimated for A107 (0.669) and A7 (0.370) loci, respec-
tively. Among Apis florea colonies, the average obser-
ved heterozygosity ranged from 0.222 (Qeshm) to 0.262
(Bandar Khamir). As seen in the table 3, heterozygosity
values, as criteria for diversity within population, had
a range from 0.491 in Qeshm Island to 0.595 in Minab
(Table 3).

The number of alleles specific for Apis florea in the
Southern Iran is presented in the Table 4.

The Shannon indices were also in accordance with
heterozygosity values. Polymorphism information
content (PIC) that may be used as a guide for applying
of loci in the next studies was estimated (Table 5).

Based on the result of distance matrices, Apis florea
colonies in Minab and Qeshm Island had the highest
genetic distance. In contrast, the colonies of Bandar
Khamir and Qeshm Island showed the lowest genetic
distance (Table 6). Multi locus Fist values for Apis florea
colonies in different regions are presented in the Table
7.

Phylogenetic relationships among the Apis florea
populations showed two distinct clusters. Dwarf ho-

Table 5. Average value of PIC microsatellite in Apis florea.

A35 Al13 Bl124 A7
035 032 052 029

A107
0.61

A88
0.48

Loci
PIC

Table 6. The genetic distance among Apis florea populations.

A B C D
A(Minab) 0.000
B(Bandar Abbas) 0.471 0.000
C(Bandar Khamir) 0.475 0.341 0.000
D(Qeshm Island) 0.666 0.295 0.289 0.000

neybee populations of Bandar Abbas, Bandar Khamir
and Qeshm Island were located in the first group. The
second group included dwarf honeybee population of
Minab (Fig. 2).

Discussion

This is the first report on genetic diversity of Apis
florea in Iran. Genetic variability or diversity is an es-
sential characteristic of any population for the fitness of
individuals as well as survival of the whole population,

Table 7. Average value of F, of Apis florea populations using microsatellite analysis.

Minab(A)

Bandar abbas(B)

Bandar khamir(C) Qesh Island(D)

F, Value -0.135 0.011

0.036 0.063
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98 Minab(A)

39 Bandar Abbas(B)
91 Bandar Khamir(C)
19 Qeshm Island(D)

Figure 2. Phylogenetic relationships of Apis florea populations in
the South of Iran.

permitting adaptation to the changing environmental
conditions. Therefore, the degradation of genetic diver-
sity of a species reduces its capability for adaptation and
increases the risk of its extinction (30, 31). The poly-
morphism indices of Apis florea in Minab region were
higher than other regions. This may reflect the unique
climate in Minab (high annual precipitation rate, rich
vegetation including extensive citrus gardens, and a
moderate climate). Climate and altitude are likely two
main factors affecting body characteristics of honey-
bee (32- 36). In contrast, low polymorphism indices in
Qeshm Island colonies may have been resulted from
their isolation in this island of Persian Gulf, with no
genetic connection with other regions. It is likely that
the bees in Minab have been imported by humans, who
traveled by ship. Our results are similar within the is-
lands and coincide with the results observed in the ende-
mic Canarian, bumblebee Bombus canariensis (22, 37)
and in honeybee populations from Crete and Sicily (23,
24). In this context, genetic diversity among honeybee
colonies may be caused by random mating of a queen
with many males from the neighboring apiaries. Ano-
ther factor affecting the genetic diversity within each
population may be the continued migration of colonies
into some areas with the same climate. The Fst values
indicate inbreeding in a population level in a range from
-1 as lowest to +1 as highest inbreeding. Our results
showed the lowest inbreeding within Minab colonies
(-0.135) and the highest value (+0.063) in the Qeshm
Island. Fst values were related to population size and
genetic connections among the studied populations.
For instance, the limited number of nests (colonies)
and low number of bees per nest, especially the number
of male and geographically isolation of Qeshm Island
colonies caused a higher inbreeding among the bees of
this region than the bees in other regions. In contrast, in
Minab region, rich vegetation, A. florea importing from
other regions, and connections between Minab colonies
and other populations, lent to a negative Fst. According
to the likelihood ratio test, all loci showed a significant
deviation from Hardy-Weinberg (HW) equilibrium. It
seems that this is mainly due to 1) limited number of
nests of the studied regions and 2) sampling method that
are two disturbance factors for HW equilibrium. Our re-
search provides new information concerning the genetic
variability of 4. florea. It can be used for conservation
purposes (38).
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